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BIOCHEMICAL STUDIES ON NUTRITION 
UNDER SPECIAL ENVIRONMENT 

II. THE EFFECT OF REDUCED PRESSURE UPON DIGESTIBILITY' 

TETUO TOMIYAMA, TERUO YABUKI and SIZUE NAKAO 

On repeating the exposure to rednced pressure, the metabolism 
of living organisms is subjected to remarkable changes in many 
respects. In addition to vitamins and caloric sources, the body 
protein will be consumed to a great extent. In order to maintain 
'the normal nutrition under such environment, it might be important 
to have an adequate supply of protein. The efficient supply of 
protein will depend largely on the digestibility of protein material 
as well as the amount of its intake. It has not been shown whe­
ther or not the digestibility of food ingested might be changed by 
keeping a test animal under reduced pressure. So, by using albino 
rats, determinations have been made on the changes in the 
digestibility of various protein'component of sYnthetic diets by 
exposing the test animals to reduced pressure for -two hours a 
day. Furthermore, the effects upon the digestibility of a nitroge­
nous component of easily digestible synthetic diet, after exposure 
to reduced pressure, have also been estimated. 

1. EXPERIMENTAL METHOD 

The synthetic diets used compnse three kinds as shown in 
Table I. In every case, crude protein'content in the diet is adjusted 

j(- An abstract of this paper was presented before the Agricultural Chemical 
Association at Fukuoka, Dec. 2, 1944. 
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to be 15%. The mixture of peptone and amino acids in the diet 
was prepared by autolyzing sardine in acidic medium at 50·C. for 
ten hours. The analysis of the mixture gives no protein' and 
metaprotein-N, 14% for proteose-N, 24.8% for peptone-N, 17.3% 
for subpepto,:!e-N and 43.8% for amino-No 

Table 1. The composition of diets . 

" Com'po---=- ! -- Mixture ~M'x~ -e I 
" nents · . i of I fl ur Whole 

"" of dietl Sardine ipeptone 10 vege-: milk 
K · " 'd table d md" ' I I an • 'I d power 

of ~, mea !, amine : ?' an. ~ 
d 'e, ! " d** ! hver od ' . 

I .'._. ________ . I aCI _ _ ,--. _. ' 

Fish meal­
diet 

Peptone­
diet No.1 

Milk ·diet 

Peptonc­
diet Nor. 1 

21 

28 

28 

.,:. c.L.O. unit =-"'I 

10' 

10 

5' 04 

" 
C.L.O. unit 14 

moisture. **9..-1 7,.:; lot'll nitrogen 

Wheat Salt 

star ch mixture 

60 J 5 2.5cc. 

tiO :J 5 2.5cc . 

23 3 5 

HS :1 5 

~ 3.78,-.;; total nitrogen, 8% fat, 

lOr per 
each ral 

:lOr per 
each rat 

The weighed amount of food was always given about 9 a.m. 
Daily records were kept of food consumption. The feces was 
collected about noon just after exposing to reduced pressure.-' 
In order to collect feces not contaminated with urine, a sufficiently 
fine wire gauze was placed under the cage of the test animal. 
When exposing the tes t animal to red uced pressure, a tine wire 
f:~uze und er the coarse one, on ·which the specimen rested, was 
used . The feces. after bcillg acidified with hydrochloric acid , was 
dried at 7«(C. and weighed. Dried food and feces were analyzed 
(,' r q jtror,cn. The digestibili ty of solid mal.ler or nitrogenous 
matter has bee n calculated by the following formu la. 

F-f . 
D= - F'-. IOU 

F·N-(·n .. D,,= F.N ··· ·lOO . 

- -_._---_ ... ----
,01 Sever<ll preliminary I'..xpcriments ha\'e shown t hat food in{:;ested is ordinarily 

excreted after -8-9 hours under normal atmospheric pressure. .It was observed, 
however, that after exposing t.o reduced pressure no excretion of feces took pla(',e 
for if () hours, probably due lo ttbllndat excretion on sharp reduction of pressure. 



77 

where, D and DN , digestibility of solid matter and nitrogenous 
matter, respectively; F and f, dried weight of food ingested and 
feces excreted, respectively; Nand n, content of nitrogen in F 
and f, respectively. The determination of digestibility has always 
been carried out after several days of preliminary feeding and 
exposure to reduced pressure. 

Albino rats used were from the same litter. By using the 
special apparatus reported in the preceeding paper, the experi· 
mental animals were exposed for two hours every day to reduced 
pressure of 300 mm. mercury corresponding to the altitude of 
7,000 m., about 200 ce. air being- supplied during the exposure. 
The rate of reduction of pressure was 90 mm. mercury per minute. 
A preliminary experiment had been carried out to find an 'appro­
priate time of exposure to reduced pressure. It was found that 
exposure for more than three hours gave so drastic an influence 
that sometimes death resulted especially at higher temperature. 
Daily exposure for two hours, accordingly, has been adopted. 

Furl hermore, it has also been examined in the preliminary 
experiment whether or not feces excreted on eXPQsure to reduced 
pressure may show indigestive character, since an abundant amount 
of feces is usually excreted at the start in the reduction of pres· 
sure. Table 2 will clearly show that no difference in nitrogen' 
content is found between normal feces and feces excreted follow­
ing exposure to reduced pressure. 

Table 2. The nitrogen-content of feces on exposure to reduced pressure 
compared with feces under normal pressure 

PeptOne-I51eT--' 
of Feces excreted uncler Feces excreted under 

feces ----
--, -'"'"j ~" ~'"'" 

'lUnndl pressure reduced pressure Ilormal pressure reduced pressurs 
~ ~~ ~ 

Drlf'd MOiS :r-.; Dried Mois- N Dried r ... lois- N Dried Mois- N 
Date \ wt. tUle wt. tUfe wt. lure wt. ture 

-- - . ------------- -----

V/26 :~.1 0 31.2 53G 1.77 32.0 1.81 3.75 53.0 1.10 1.12 5:l.5 ;1.70 

'27 2.11 :34.0 5J:\" 1.25 35.0 ,1.54 .1.f'\() j5.tJ ·I.t:l 0.90 36.0 '!.O6 

3D 2.0~) 26.R 4.92 0.96 ,to. I l."I2 3.82 22·{) Hfi 1.78 :n.5 ::1.60 

31 0.8J 10.:1 ,1.29 1.66 :J3.4 ,1.58 2.'15 18,4 3.88 1.78 :1l.6 3:77 

VI/ 1 2.22 17.9 ,1.64 1.52 31.0 ·1.56 2 .. 53 18.5 3.53 1.70 32.0 3.73 

2 1.52 20.1 ,/..G7 1.87 ::)~i5 3.96 2.14 33.2 1.13 24.'1 



2. ExPERIMENTAL RESULTS 

Results obtained by comparing the milk powder- or fish meal· 
diet with the peptone-diet are shown in Table 3, 4, 5, and 6. All 
the data are summarized in Table 7. 

Date 

Table:3. Digestibility of fiish meal-diet, rate of growth, and food 
ingested at 28-30°C. 

Under Reduced Pressure I Under Normal Pressure 

Body -BOdY-I F~;;-T ·---1----- i 

____ ~ :~~ ____ in~~~t~~_ D , Dr-; I 

wt. 
~ 0 I in~~~d_"~=--L~ 

VII!6 92 86 10.2 11.0 88.0 87·5 80.678.5 90 111 11.7 12.8 88.4 86.7 77.8 76.8 

7 97 89 10.7 10.7 76.8 88.7 52.5 77.2 94 118 11.1 13.9 88.6 87.0 74.8 74.5 

9 102 94 9.1 10.4 90.2 90.0 79.1 SO.7 99 129 10.4 17.3 92.4 91.4 87.2 85.6 

10 102 92 7.0 7.4 84.9 73.7 72.0 68.6 101 135 9.1 15.8 84.6 &3.0 69.2 79.5 

1l 102 95 7.2 7.2 88.5 92.5 79.1 88.2 105 140 9.5 15.6 91.9 88.2 85.9 79.6 

Date 

.. _-----

VII!6 

7 

9 

10 

11 

Table 4. Digestibility of peptone-diet, rate of growth, and 
food ingested at 28-30°C. 

Under Reduced Pressure Under Normai Pressure 
--- --_ .. _----------------------- - - --------- ---

Body Food Body 
Food wt. ingested D D01 wt. ingested 

I 

D D!\ 
Y () I 

97 96 lOA 11.8 95.2 96.0 93.3 ~3.7 100 102 11.1 12.2 94.6 90.3 92.9 SO.O 

99 99 8.6 8.6 95.6 96.3 92.::) 91.9 10·1 108 10.9 12.3 92.7 95.1 85.6 92.8 

103 10,1 (:;.9 8·0 95.:1 9·).5 92.1 89.6 111 117 8.7 11.0 95·0 Y3.4 92.:1 87·1 

ltl:1 102 (-u 7.0 95.7 92.4 92.2 86.5 110 11-1 R.5 10.0 96.2 93.5 9:1.5 90.0 

107 lOl~ 8·5 11.8 95·899.0 93.1 98.6 III 118 11.2 12.R 95.2 97.2 9L:-i 95.9 

Differencc' of digestibility between lh,' peptone' and the milk 
powder-diels was 3.6110 in solid Blatter. and 6)% in nitrogenous 
matter. 'Vhen exposed to, reduced pressure. the difference was 
greater, i.e., 6.51'; in solid matt~r and 8.7~~ in nitrogenous matter. 
However a Inorc pronounced difference has been observed between 
the peptone- and the fish meal-diets. It is a remarkable fact that 
peptone can be utilized 8.7% more efficiently than the protein of 
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Table 5. Digestibility of milk ·diet, rate of growth. :md food ingested. 

Under Reduced l'ressure 1Jn<.le~ Normal Pressure 

Datt' --~~.>' -~- .-l~~-od ---r----l~--··'-· DN 

___ _ .,_.L __ ,_,~_.,t_~~.~s~~~ __ ! ____ . __ ._ .. __ , __ . ___ _ 
-~T~- ~~~~~~:' : L -~--I __ I~~-_'-_ _ 

IX!6 79 7? 6.7 (j.3 86.9 8G. l H.1 .5 RO.n n 78 7.:'. 7.7 84.8 86.6 81.1 81.8 

7 81 7:1 7 .~~ fJ.G 90.:i 89.~1 ~7.2 S5.3 75 Rl 'l.'? 8.11 91.1 92.6 88.3 89.6 

S 8~ 75 9.(; 7.7 91.tl 91.U 87.8 8().:~ 76 8[, 8 ~{ ~t6 92.0 93.2 88.5 89.5 

9 83 71 9.3 ·1.9 90.5 82.(i 85.5 79.u 79 87 7.5 8.9. RB.t1 89.2 82.8 83.:"' 

iO 8.9 n S 5 f •. 8 AA.( j .,... 8S.4 - HI 88 8.S g.( 1 92.0 89.2 88·5 85.(; 

11 91 7~ 7.4 6.8 91 .0 ~il.!) 88.5 82.8 85 92 8.0 8·5 88.9 90.4 85.0 87,.5 

]~ 94 8.1 K.4 8.4 9].] 88.2 88., 82.8 89 97 9.(; 9.0 93.8 93.8 90.5 9J.2 

]3 98 86 8.0 8.0 866 87.7 85.383 R 90 99 9.] 8.5 89.2 87.9 84.0 82.5 

14 99 8g 7.5 8.1 86.6 8fi.4 84.0 81.3 94 102 9.il 9,:~ 90.7 91.0 85.2 86.5 

15 10] 90 7.3 7.:i 91.589.4 89.(184.1 99 10, 9,1 9.7 93,493.3 90.190.4 

16 j()~ 9:1 80 8·t) 85.9 86." 83 ·5 81.4 101 110 10.8 9.1 89.0 89·4 84.6 85.3 
\ 

Table 6, Digestibi~ty of peptone·diet, rate of growth, and food ingested 

Under Reduced Pressure 
Date . -Boily ! Food ! f 

-- -· · ----·Under Normal p~~~~~-'----

wI. I ' D ' D , 
Body I - Food --j- ---

wt, 
~ 0 1 ~~~~ste_~. : _ _ D_~,- DN I !j> _ _ ~.l.~.ge!'lled __ I N 

IX/6 7" n2 9.9 10.1 93.7 9()'7 9 ( 5 88.7 66 69 11.8 7.4 9~·6 94.8 91.1 93.5 

7 71 65 7.2 8.1 93·6 93.0 90.0 90.0 69 75 9.n I!.O 95.5 94.1 92.8 90.5 

8 

9 

74 69 8·0 7.5 94.4 9:J.7 92.5 92·0 70 7] 9.5 3.5 93.7 

75 fi9 9.1 9.1 94.0 9:{·8 9'l.292.1 .73 69 9.!) 7·3 94.9 

91.1 

. 93.2 

10 79 71 9·0 7·3 93.7 96.9 91.0 95.7 75 n 9.4 8.n 952 9]>.0 93.1 92.7 

11 8] 74 8·0 7. 1 92.7 95.8 90.9 95·3 74 76, 8·8 9.7 92.7 93·3 90.2 91.9 

]2 86 77 9.2 8.8 94.996.5 93.7 95·5 80 83 9.2 10·6 90.5 91.4 87.889.1 

13 86 79 9.2 to.7 %.0 97.4 95,3 97.2 84 88 11. 6 ]l·6 94.6 94.6 93.3 94.0 

14 90 79 13.4 10.8 95-0 98.3 94.0 97.8 87 85 15.9 14.0 94.8 96.4 93.5 95.7 

15 95 81 9.4 6.7 96.5 94.1 95.5 92.7 91 9'2 10.7 8.9 95.0 96.1 93.9 94.7 

16 98 84 9·9 8.3 92.6 93.3 9 ] . [ 91.6 94 95 9.1 9.1 94.0 91.2 92.5 88.6 



milk and 16.6 ~~ mor~ efficiently than the protein of fish meal. 
This result certain ly favors the use of peptone as a protein-sQurce 
in avi.ator's rations . 

Normal 
press~ 

Reduced 
press. 

Diffe-
rence 

JnCTf.~ase in body 
per g. food 

-------- .--. 

Fifih Pep- ~ Milk me:) ) [on.e 

I diet diet diet 
._--_ .. _------- -

0.3:1 0.25 0-'12 

0.2J 0.23 0.27 

- ().12 - 0.02 -n.OS 

T;l.ble 7. Summary of the Result!'; 

wej~ht 

Pep- Fish 
t oOf" meal 
diet diet 

D 
-

Pcp I Fish _Pep _ 
tone menl toot.' 
diet diet diet 

Mill;; 
die t 

D 

~-~--~ _ .. ----
DN 

0.25 88.2 94.5 '19.?' 90.3 go.o ~-J.1-·2 Mf.iS 92.2 

U.24 Bfi.2 95·6 75.7 Y2.:< 88.2 94.7 84.5 93.2 

-O~O l - 2.0 +1.1 -35 +2.0 -2.4 +0.5 -2.0 +1.0 

~- - ---------------------- ---,----- ._----- -.----------. 

It is of particular interest to note that milk- and fish meal­
diets are digested to less extent on exposure to reduced pressure, 
whereas the peptone-diet is digested to a somewhat greater extent. 
This decrease in digestibility may be accounted for by the decrease 
in secretio~ of digestive enzymes due to the effect of exposure to 
reduced pressure. It is also apparent that the assimilability of 
peptone will not ' be changed to any extent by the decrease in 
secretion of the enzymes. 

It is to be pointed out that the value of increase in body 
weight per unit weight of peptone-diet remained almost the same 
on exposure to reduced pr~ssure while the value per unit weight 
of milk-diet decreased by about 15%. This will also prove the 
efficient utilization of peptone-diet in the animal body under such 
drastic effect. 

3. SUMMARY 

1. By exposing albino rats to reduced pressure, an appreciable 
decrease has been noticed in the d~estibility of solid as well as 
the nitrogenous matter of diet containing fish meal or milk powder 
as protein-source. 
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2. No decrease, by exposing to reduced pressure, has been 
observed in the digestibility of diet cOlltaining a mixture of peptone 
and 'amino acids. 

:l. By keeping the test animal under reduced pressure for 
t wo hours daily, peptone can be utilized 8.7% more efficiently 

' than the protein of milk and lG.6 % ~10re ' effiCiently than th" 
j)rotein of. fish meal. 

4. These experimental findings give credence to the presump­
tion that the se~retion of digestive enzyines, especially proteolytic, 
may decrease in appreciabl~ amount on ly by keeping the specimen 
under reduced pressure for two hours. 

We wish to express our hearty thanks to Mr. II. Takahas hi 
and Miss T. Shiga for their helpful assis tance. This HIlldy was 
carried out in part -with the aid of 3 grant f;om the Research 
Fund of the Ministry of Education. 


